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[57] ABSTRACT 
A white, bright and opaque urea formaldehyde pig 
ment in slurry form, useful as a paper ?ller, is pro 
duced by precipitating in slurry form a UF resin or 
prepolymer having a water tolerance of from about 
1.5 — 2.0 and a viscosity of from about 450-1500 cps 
at 50 pelcent solids in an aqueous bath containing 
from about 0.125 - 1.0 percent of an acid catalyst by 
introducing the UP resin into the aqueous acid cata 
lyst precipitating bath over a period of time of from 
about 15 minutes to an hour, under agitation, and at a 
temperature of from about 25°—90° C., at a resin to 
water ratio of from about I/ 16 to 3/8, said total reac 
tion time requiring from about 1A.» to 5 hours. 

1 Claim, No Drawings 
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PAPER CONTAINING A UREA-FORMALDEHYDE 
PIGMENT 

This application is a Division of the copending appli 
cation Ser. No. 320,834, ?led Jan. 3, 1973, now US. 
Pat. No. 3,849,378. 

SUMMARY OF INVENTION 
This invention relates to a composition of matter, a 

process for producing the composition of matter and a 
product produced using the novel composition of mat 
ter. More particularly, the invention relates to a novel 
and useful synthetic polymeric pigmentary ?ller mate 
rial prepared using a urea formaldehyde resin, which 
pigment is white, bright and opaque and which has a 
high wet end retention as. compared with conventional 
?ller materials in the papermaking process. Thus the 
invention is described in detail for use as a ?ller mate 
rial in paper manufacture. 
The loading or ?lling of paper with ?nely divided 

materials has been common practice for many years, 
and some mineral content is present in nearly all paper 
grades except for a few grades of specialty papers. The 
use of ?ller pigment makes paper more suitable for 
particular purposes. Some of the bene?ts are increased 
brightness, opacity, softness, smoothness, absorption, 
support of optical dyes, better ink holdout, reduced 
strike-through, improved printability, improved feel, 
better ?nishing characteristics, increased bulk and the 
control of porosity. 
There are many ?llers now available. Among these 

are china clay, talc, calcium sulfates, barium com 
pounds, precipitated chalk, titanium dioxide, hydrated 
alumina and synthetic silicas and silicates. While each 
of these materials offers some advantages to the paper 
maker in particular cases, none can be considered to be 
generally satisfactory from the point of view of both 
cost and optical ef?ciency. In addition, many of these 
known materials have a low retention in the papermak 
ing process which not only constitutes a waste but also 
a pollution problem. 
On the other hand, the novel pigment of the present 

invention can be added like a conventional ?ller to 
increase the optical properties ,of the ?nished paper 
without seriously affecting the strength properties of 
the paper, and based on handsheet studies, it would 
appear that the pigment can be added at the wet end of 
a papermaking process with a retention of up to 70—80 
percent, as compared to a retention of about 30 per 
cent for clay and 40 percent for TiO2 on a single pass 
basis. 
vThe novel pigment of the present invention is prefer 

ably manufactured and used in slurry form, i.e., in 
aqueous suspension. However, if desired the manufac 
tured material may be dried to as low as 75 percent 
moisture and then reslurried for later use without any 
reduction in optical properties. Accordingly, the pres 
ent invention is based upon the discovery that a urea 
formaldehyde resin having particular measurable prop 
erties can be precipitated to produce a pigmentary 
?ller material radically different from those known in 
the past. The precipitated pigment has a very good 
opacity as represented by its scattering coef?cient of 
about 0.42-0.52, and this high opacity is surprising 
since the refractive index of urea formaldehyde is not 
particularly high, being about 1.65. 
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2 
It is believed that the unique performance achieved 

with the pigment material in paper ?ller applications is 
due to a combination of primary particle size and the 
agglomerate structure produced in the process of mak 
ing'the pigment. The refractive index of the pigment 
would not suggest the high optical performance dem 
onstrated by the pigment, however, it is well known 
that when the air-solid interface of a pigment is in 
creased, its opacifying power is improved. The primary 
particles produced in the precipitation process are 
essentially ?akes with an average size of approximately 
0.1 to 0.5 micron. On the other hand, the agglomerate 
size is on the order of from 3 to 6 microns. 
Thus, according to the present invention, an optically 

efficient and economic ?ller pigment is described 
which has many desirable qualities as a ?ller for paper 
making, in addition to yielding an exceptionally high 
retention rate. Although the material of the present 
invention is particularly suitable as a pigment for paper 
and paper coating purposes, obviously its application 
could be extended to many other ?elds and the utility 
of the pigment should not be limited to the preferred 
description in the present invention. 
The novel pigment described herein is preferably 

prepared by pre-polymerizing urea and formaldehyde 
in a more-or-less conventional manner to form a pre 
polymer slurry of a speci?c molecular weight and/or 
viscosity range. Subsequently, the prepolymer is then 
converted into the ?nely divided particles of the pres 
ent invention according to the process conditions more 
speci?cally set forth hereinafter. Alternatively, and 
more conveniently, the novel pigmentary ?ller material 
of the present invention can be produced using urea 
formaldehyde resins available commercially in the mar 
ket place. In this respect, the plywood adhesive grade 
urea formaldehyde resins have been found to be eco 
nomical and suitable for the desired purpose. Of 
course, when the commercially available resins are 
employed, the resin slurry is converted into the desired 
pigment only when the process conditions set forth 
hereinafter are adhered to. 

DETAILED DESCRIPTION 

Urea formaldehyde is prepared conventionally by 
reacting urea and formaldehyde in the molar ratio of 
about 1 mole of urea to about 1.5-2.5 moles of forrral 
dehyde. For the convenience of the control of the reac 
tion, the polymerization is usually carried out in an 
alkaline aqueous medium to give methylol-urea deriva 
tives such as mono and dimethyl ureas. Such com 
pounds are precursors in the formation of cross-linked 
urea formaldehyde resins. The mechanism of the reac 
tion is not known with any certainty, however, the 
properties of the polymer obtained depends on the 
molecular weight or degree of polymerization. The 
maximum obtainable molecular weight is limited by the 
ratio of the monomers present in the step growth poly 
merization reaction. By manipulating the ratio of mon 
omers, catalysts and various reaction conditions, a 
variety of urea formaldehyde prepolymers can be 
made. In the practical application the prepolymers are 
normally carried into the second stage of reaction or 
the curing operation to obtain the ultimate or preferred 
properties with the use of catalysts, heat and various 
other means. The curing stage leads to the formation of 
more complex-molecular network and structure intro 
ducing new factors into the general polymerization 
mechanism. Thus urea formaldehyde polymers are not 
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a single compound of ?xed chemical composition. and 
they may differ radically in molecular structure and 
physical properties depending on the initial monomer 
ratio and particularly with the subsequent reaction 
conditions used. However, according to the present 
invention, a class of urea formaldehyde resins has been 
developed which when subsequently treated in accor 
dance with preferred process conditions, produces a 
pigment which has been found to be useful as a ?ller 
material, particularly in the papermaking process. The 
pigment is produced from the urea formaldehyde resin 
with a precipitation reaction to obtain the desired prod 
uct. It is believed that the conditions and steps em 
ployed in the precipitation reaction are the key to ob 
taining the novel product disclosed herein. 
Of course, the primary reason for the development of 

the present invention was the realization of the need for 
an optically ef?cient paper ?ller pigment that could be 
produced with a high yield and that would give good 
retention in the papermaking process. It was found that 
the optical performance of the pigment produced de 
pended primarily on a combination of the reaction 
variables employed, including the type of urea formal 
dehyde resin or prepolymer used, the type of catalyst 
employed, the reaction temperature, the resin to water 
ratio, the concentration of catalyst and the degree of 
homogenization. The effect of each of these variables 
turned out to be predictable and speci?c although a 
range of optimum conditions was found that would 
produce a high quality pigment. 

In order to determine the optimum properties of the 
novel pigment produced by the present invention, ex 
periments were conducted using different kinds of urea 
formaldehyde resins. Other experiments were run with 
different catalysts, and under different reaction tem 
peratures, and, ?nally experiments were conducted 
wherein the catalyst concentration and degree of ho 
mogenization was varied. Based on these experiments a 
set of standards was obtained to show the perrnissable 
range of the variables that could be tolerated to insure 
a high yield from the process while still producing an 
optically efficient pigment. In each case, the optical 
properties of the pigment obtained were measured 
using a standard TAPPI handsheet method wherein 
measurements were taken of the opacity and brightness 
of the handsheets produced. These measurements were 
then compared with measurements of similar hand 
sheets prepared from un?lled pulp and from hand 
sheets ?lled with TiO2. 

It was known that white ?llers would increase the 
opacity of paper, and at the same time, would also 
increase the brightness, as determined by the amount 
of light scattered, re?ected and absorbed by the pig 
ment. MOreover, generally the opacity increases as the 
particle size of the pigment is decreased until an opti 
mum size is reached, since smaller particles have more 
surface planes through which the light must pass and be 
refracted or re?ected. 
However in the instant case, it is believed that the 

high air-solid interface found in the agglomerates con— 
tributes signi?cantly to the opacifying power of the 
pigment. The results are illustrated in the comparison 
tests disclosed herein, wherein using the novel pigmen 
tary ?ller material described, the values for brightness 
and opacity equalled those obtained with the use of a 
like amount of TiO;. Moreover, because of the high 
retention of the urea formaldehyde pigment, it was 
found that values for opacity and brightness equivalent 
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4 
to those obtained using TlOg could be reached with a 
lower initial level of addition of the urea formaldehyde 
pigment. Finally, an economic analysis of the cost of 
preparation of the novel urea formaldehyde ?ller pig 
ment disclosed herein illustrated that, as compared 
with TiO-z, the urea formaldehyde pigment was cheaper 
to use. This result was attributed to the higher retention 
of the urea formaldehyde pigment as compared to TiOz 
and the lower cost of raw materials for preparing the 
urea formaldehyde pigment. 
Accordingly, for the purpose of manufacturing the 

urea formaldehyde pigment described in the present 
invention, one method would be to initially prepare a 
urea formaldehyde resin or prepolymer having as the 
preferred characteristics a water tolerance of about 
1.5-2.0 and a viscosity of about 450-],500 cps at 50 
percent solids. The water tolerance is de?ned here as 
the volume ratio of water to resin dispersion which will 
not produce a precipitate. That is, the measure of the 
amount of water that could be added to a urea formal 
dehyde resin dispersion without producing an incipient 
lumpy precipitate. The viscosity range is inherently tied 
in with the molecular weight of the urea formaldehyde 
resin, and for the purpose of the present process, the 
resin must not be too viscous or it becomes impossible 
to handle from a physical standpoint. It is believed that 
urea formaldehyde resins having either a higher or 
lower viscosity could be used in the process described 
herein however, as a practical matter a viscosity range 
of from about 450—l5OO cps at 50 percent solids is 
preferred. Similarly urea formaldehyde resins having a 
water tolerance higher than 2.0 could also be used in 
the process herein. However a resin having a water 
tolerance higher than 2.0 tends to increase the subse 
quent converting time required and ultimately leads to 
a product having low optical efficiency. 
Thus as noted above, a urea formaldehyde resin suit 

able for the present invention is prepared by reacting 
urea with a formaldehyde or a paraformaldehyde aque 
ous solution in the ratio of about 1 mole of urea to 
about 1.5-2.0 moles of formaldehyde at a total solids 
content of approximately 50-70 percent. To this mix 
ture, about 0.1-1.0 percent of an alkaline compound or 
salt catalyst is added and the mixture is adjusted to a 
pH of 65-12 with the addition of a buffering agent. 
The reaction is then carried out at a temperature which 
may range from room temperature up to 95° C. for 
from 30 minutes to several hours depending on the 
reaction conditions. It has been found that alkaline 
compounds or salt catalysts such as sodium hydroxide, 
barium hydroxide, sodium carbonate, ammonium hy 
droxide, or amines such as pyridene and hexamethyl 
ene tetramine may be used in the preparation of the 
urea formaldehyde resin. However, other catalysts such 
as potassium hydroxide salts of calcium and lithium 
should also serve nicely as the catalyst component. In 
addition, for the purpose of buffering the mixture, so 
dium salts including sodium borate and the sodium 
phosphates may be used. 
Subsequently. the reaction noted above would be 

carried out beyond or slightly beyond the methylol urea 
stage to result in a urea formaldehyde colloidal disper~ 
sion having the desired properties, Le, a Brookfreld 
viscosity of about 45()—l,50() cps (no. 4 spindle at 20 
rpm, 50 percent solids) and a water tolerance of 
about 1.5—2.(). Alternatively, a commercially available 
urea formaldehyde resin could be used as long as the 
resin had the desired properties noted above. 
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Finally, the novel pigment product of the present 
invention is prepared using either the commercially 
available urea formaldehyde resin or the prepared resin 
or prepolymer in accordance with the following pro 
cess steps. A reaction vesselis provided with a variable 
speed mixer or agitator, a re?ux condenser and a drop 
ping funnel. An aqueous precipitating bath is intro 
duced into the vessel containing from 0125-10 per 
cent volume of a catalyst material. The reaction tem 
perature is adjusted to between about 25° and 95° C. 
and the previously prepared or otherwise obtained urea 
formaldehyde resin is added from the dropping funnel 
to the vessel under moderate agitation over a period of 
from 15 minutes to an hour. The resin to Water ratio, 
based on solid content of the resin may vary from about 
1-20 to 3-8 and upon completion of the addition of the 
resin, thevreaction is allowed to continue for a time 
sufficient to precipitate all of the resin, or for a total 
reaction time of from about 1/; to 5 hours. Thus the 
total reaction time includes the time for addition of the 
resin to the precipitating bath, and it is believed that 
the novelty of the present invention lies partially in the 
process steps set forth above to produce the novel 
product described. 
Shortly after introducing the resin or prepolymer into 

the reaction vessel, a ?ne white precipitate will appear 
in the precipitating bath. The amount of precipitate will 
increase as the reaction continues and more resin is 
introduced. The precipitate may be in ?brid or particle 
form depending on the agitation rate and other reac 
tion conditions used. If the resin is added too quickly, a 
lumpy and jelly like mass results hence the time of 
addition of the resin to the catalyst reaction medium is 
deemed critical. Of course, the resin could be added 
over an extremely long period of time with satisfactory 
results, however this procedure would only be a burden 
on the production. 
Upon completion of the reaction, the resultant pig~ 

ment is cooled, ?ltered and washed free of catalyst 
contamination. The pigmentary product is then redis 
persed in water under high speed agitation to break up 
any large aggregate in the product, and ?nally the pig 
ment is homogenized into proper size for the applica 
tion intended. 
For the purpose of arriving at the optimum water 

tolerance and viscosity characteristics of the urea form 
aldehyde resins suitable for producing the novel pig 
ment disclosed herein, three different commercially 
available urea formaldehyde resins having known or 
measurable viscosity and water tolerance were reacted 
as set forth above. In each case the pigment obtained 
was incorporated at the level of a 10 percent addition 
to the furnish in the preparation of TAPPI handsheets 
and the optical properties of the sheets were measured. 
The measurements obtained were then compared with 
the optical properties of handsheets prepared from 100 
percent pulp and the results of the experiment are 
shown in Table I below. 

TABLE I 
EFFECT OF TYPE OF RESIN 

( 10% Pigment in Furnish) 
Viscosity cps Water Optical Properties 

Example ( 50% solids) Tolerance Opacity Brightncss 

Control — — 69.9 82.7 

Resin A v 1420 l.5—2.0 82.8 = 84.9 
Resin B 70 5 73.3 84.5 
Resin C 80 over 2.5 76.7 84.0 
Resin D 210 4 76.9 82.0 
Resin E 450 2.0-3.0 77.4 82.4 
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TABLE l-continued 

EFFECT OF TYPE OF RESIN 
(10% Pigment in Furnish) 

' ‘Viscosity cps Water Optical Properties 
Example (50% solids) Tolerance Opacity Brightness 

Rcsin F 520 2.0 77.0 81.8 

(All data corrected to a handsheet basis weight of 60.4 grJm’) 

Resins A and B are urea formaldehyde resins sup 
plied by the Borden Chemical Company and identi?ed 
as Borden PR 703-78 and Borden L-195 respectively. 
Resin C is a urea formaldehyde resin supplied by the 
Gulf Chemical Company and identi?ed as Gulf L-lOO. 
Resins D, E and F have the same chemical composition 
as Resin A (Borden PR 703-78) except for the differ 
ences in viscosity and water tolerance due to the differ 
ences in the molecular weight of the examples. 
The results obtained clearly show that superior opti 

cal properties were obtained with Resin A which had a 
relatively high viscosity and a low water tolerance as 
compared with Resins B and C. The other resins tried 
having different viscosity and water tolerance levels 
(Resins D, E and F), similarly showed satisfactory per 
formance, and from the experiments identi?ed above 
plus other unrecorded experiments, it was concluded 
that for the purposes‘ of the present invention a resin 
having a viscosity of from about 450-1,500 cps and a 
water tolerance of from about 1.5-2.0 would be pre 
ferred. 
Subsequently, to examine the effects of the various 

process conditions in the manufacture of the pigment, 
additional samples of the best performing resin, Resin 
A, were prepared and reacted to obtain the pigment, 
and ?nally, additional handsheets were made and the 
optical properties measured. As noted hereinbefore, it 
was determined that the most ef?cient optical proper 
ties of the pigment produced was dependent on an 
optimum combination of reaction variables. The reac 
tion variables involved were determined to be, (1) the 
type of resin or prepolymer used, (2) the type of cata 
lyst employed, (3) the reaction temperature, (4) the 
resin to water ratio, (5) the catalyst concentration, and 
(6) the degree of homogenization. Accordingly, the 
additional samples of Resin A were ?rst tested with 
different catalysts and the results obtained are set forth 
in Table II below. 

TABLE II 

TYPE OF CATALYST 
(10% Pigment in Furnish) 

Catalyst Optical Properties 
Example 0.5% conc. Opacity Brightness 

Control — 68,9 82.7 

Resin A H2804 84.4 86.1 
Resin A H;,PO4 70.7 80.7 
Resin A Maleic 

Anhydride 71.5 81.0 
Resin A Benzene 

Sulfonic Acid 71.7 80.9 

The results obtained above demonstrate a marked 
advantage in the optical performance of the pigment 
precipitated with H2804 as compared with the other 
catalysts used. It is believed, however, that other strong 
mineral acids of the same class as H2804 such as HCl, 
would perform equally well. In fact, when different 
groups of catalysts were tried during the development 
work’ on the present invention, it was found that the 
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weak mineral acids (boric acid and phosphoric acid), 
and certain organic acids (maleic anhydride, acetic 
acid, benzene sulfonic acid and citric acid) were only 
reasonably satisfactory as a catalyst material. In addi 
tion, acid salts such as calcium chloride and ammonium 
chloride also proved to be ineffective as a satisfactory 
catalyst. In each case, however, the catalytic activity 
depended on the speci?c compound rather than the 
generic group. 

It was also found in the background experiments that 
the choice of catalyst had a direct in?uence on the 
percent pigment retention in the handsheets. However 
based on the experiments performed, I-IZSO4 was found 
to be the best performing catalyst both with respect to 
the optical properties obtained and the pigment reten 
tion measured. 
Additional experiments were then conducted to de 

termine the effect of the reaction temperature on the 
pigment produced according to the precipitation reac 
tion. It was suspected that the temperature of the acid 
catalyst precipitating bath would in?uence the optical 
properties of the resulting pigment to a considerable 
degree. In addition, it was believed that an optimum 
range of reaction temperature could be determined by 
measuring the optical properties of the pigment pro 
duced at several selected temperatures. This suspicion 
was con?rmed as shown by the results reproduced 
below, however, the in?uence of temperature proved 
to be greater with respect to the yield from the process 
rather than the optical performance of the pigment 
produced. The results of the temperature experiments 
are shown below in Table III. 

TABLE III 

REACTION TEMPERATURE EFFECTS 
(Catalyst conc. 0.5% H.,so,-|0% Pigment in Furnish) 

Reaction Optical Properties 
Example Temp. °C. Opacity Brightness 

Control -— 7l.7 79.l 
Resin A 25 77.6 8L6 
Resin A 40 8L0 82.5 
Resin A 60 82.8 83.1 
Resin A 70 83.8 84.9 
Resin A 80 76.4 81.3 

In this experiment, the pulp used was from a different 
batch than that used in the Examples in Tables I and II. 
Accordingly, the opacity and brightness of the control 
was different from the control of the ?rst experiments. 
Of course, in these trials as before, the pigment was 
incorporated in the furnish at the 10 percent addition 
level and TAPPI handsheets were again prepared. The 
optical properties of the sheets were measured and 
recorded and as illustrated from the above data, the 
reaction temperature did play an important role in the 
optical properties of the pigment produced using the 
preferred resin/catalyst combination, with the most 
optically efficient product being obtained at a reaction 
temperature of about 70°C. 
Next the effect of resin to water ratio on the optical 

performance of the pigment produced was measured. 
For these experiments, the best performing resin, Resin 
A, was again used with a 0.5 percent cone. of H2SO4 in 
the precipitating bath. In each case, the resin was intro 
duced into the precipitation bath in accordance with 
the preferred process conditions (i.e., from a dropping 
funnel over the course of an extended period of time), 
the precipitate produced was washed free of catalyst 
contamination and incorporated into handsheets at the 
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10 percent level, and ?nally the optical properties of 
the handsheets were measured and recorded. The re 
sults of these experiments are set forth in Table IV 
below. 

TABLE IV 

RESIN TO WATER RATIO 
(Catalyst cone. 0.5% H2SO4-l()% Pigment in Furnish) 

Resin/Water Optical Properties 
Example Ratio Opacity Brightness 

Control — 68.9 82.7 

Resin A l/l6 80.] 82.3 
Resin A l/8 84.0 85.4 
Resin A 3/8 79.8 83.6 

Accordingly, based on the data above, a satisfactory 
product was obtained over the course of resin to water 
ratios from l/l6 to %. However, it was observed that 
for ratios greater than % the optical performance of the 
product began to decrease. On the other hand, the 
optimum resin/water ratio was observed to be approxi 
mately 142. Additional experiments conducted using 
different catalyst/resin combinations showed that the 
effect of resin to water ratio on the pigment obtained 
was dependent on the catalyst used. For the strong 
mineral acids, the optical performance increased at the 
lower resin to water ratios. On the other hand, with the 
weak acids and other organic catalysts, the trend was 
just the opposite with better optical performance being 
achieved at the higher resin/water ratios. 
The catalyst concentration in the precipitating bath 

also turned out to be a signi?cant factor in the optical 
performance of the pigment produced. A series of ex 
periments were made using the best performing resin, 
Resin A, and I-IZSO4 as the catalyst in the precipitating 
bath at levels ofO. 125 percent, 0.5 percent, 1.0 percent 
and 1.5 percent by volume of the amount of water in 
the bath. The results of those experiments are repro 
duced below in Table V. 

TABLE V 

CATALYST CONCENTRATIONS 
(10% Pigment in Furnish) 

Catalyst Conc. Optical Properties 
Example '7: H-_,SO4 Opacity Brightness 

Control — 7 l .l 79.] 
Resin A ().l25 80.2 83.4 
Resin A 0.5 83.8 84.9 
Resin A 1.0 79.7 82.1 
Resin A l 5 78.6 82.0 

The results demonstrated that the opacity and bright 
ness values of the pigment decreased as the catalyst 
concentration increased from 0.5 to 1.0 percent. 
Meanwhile, the yield of the pigment from the reaction 
proved to be low at the lower concentrations while 
reaching a maximum at the 1 percent by volume cata 
lyst concentration level. 

Finally, a separate series of experiments were con 
ducted with Resin A to optimize the degree of homoge 
nization on the optical‘ performance of the pigment. 
The effect of homogenization was deemed important 
both from the optical ef?ciency standpoint and be 
cause of the wide range of particle size distribution 
obtained in the process. It was felt that some form of 
homogenization or screening of the pigment would be 
required where the pigment was to be used in a paper 
making process simply to avoid any lumps in the ?n 
ished sheet of paper. Accordingly, samples of the pig 
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ment obtained from a reaction using Resin A and a 0.5 
percent H2SO4 catalyst bath were homogenized at dif 
ferent pressures, the pigment‘ samples were thenincor 
porated in standard TAPPI handsheets and the optical 
properties of each sheet measured. The results of these 
experiments are set forth in Table VI below. 

TABLE VI 

HOMOGENIZATION EFFECTS 
(Catalyst Conc. 0.5% H2SO4-l0% Pigment in Furnish) 

Homogenization Optical Properties 
Example Pressure PSIG Opacity Brightness 

Control - 68.9 82.7 

Resin A 0 84.] 86.9 
Resin A 500 v 83.3 86.3 
Resin A 1000 84.5 86.7 
Resin A 2000 84.4 87.5 
Resin A 4000 84.0 86.9 
Resin A 8000 82.0 85.8 

Thus it may be seen from the above data that the 
optimum optical performance of the pigment produced 
was found at a homogenization pressure of from 
l,000—2,000 PSIG. 
Accordingly based on the different experiments and 

the data obtained, the optimum combination of process 
variables for the production of -the novel urea formal 
dehyde pigment disclosed herein were determined to 
be as follows. The type of resin or prepolymer was 
found to be the single most important factor in deter 
mining the optical performance of the urea formalde 
hyde pigment. A comparison of three commercially 
available resins illustrated that both the viscosity and 
the water tolerance of the resin determined whether or 
not a product satisfactory for the present invention 
could be obtained by practicing the process disclosed 
herein. Thus it was found that a resin having a viscosity 
of at least about 450 cps or higher at 50 percent solids 
and a water tolerance of at least about 1.5 was pre 
ferred. The higher molecular weight and/or viscosity 
resins were useful in the present invention until such 
time that the resins became too viscous to readily ?ow 
from the dropping funnel. However for the purposes of 
the invention herein an upper limit of around 1,500 cps 
at 50 percent solids was deemed appropriate. The most 
efficient catalyst tried proved to be H2SO4 although it is 
believed that any other strong mineral acid would per 
form equally well. The optimum catalyst concentration 
in the acid precipitating bath was found to be 0.5 per 
cent by volume based on water (or a 0.5 percent aque 
ous solution), however as noted, different concentra 
tions of different catalyst/resin systems did not follow 
the general rule. The most favorable reaction tempera 
ture, both from the standpoint of optical ef?ciency and 
yield was found to be about 70°C. The optimum reac 
tion time, although not speci?cally covered by any of 
the experiments included herein was found to be on the 
order of about a 15-30 minute resin addition time (to 
the acid precipitating bath) with from 3A to l-1/2 hour 
additional heating/reaction time for a total of about 2 
hours. The most favorable resin to water ratio although 
dependent on the catalyst used, was, for the preferred 
catalyst (H2SO,), about 1/8 weight basis based on resin 
solids. And ?nally, as noted above, the preferred ho 
mogenization pressure was found to be between 
LOGO-2,000 PSIG. Thus using the optimum conditions, 
200 grams of a urea formaldehyde resin at 50 percent 
solids would be added to a 1,600 cc. precipitating bath 
containing 0.5 percent H2804 by volume, over the 
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course of about 30 minutes with an additional l-l/z 
hours allowed for a complete reaction. From this reac 
tion about 60 grams of pigment could be expected 
giving a yield of around 60 percent. 
Hence it may be seen from, the above description that 

the present invention de?nes a novel process with opti 
mum variable conditions for producing a novel urea 
formaldehyde pigment that is useful as a filler for the 
paper industry. Further, it is believed that the organic 
pigment produced in accordance with the present in 
vention would make a good substitute for TiO2 as a 
paper ?ller material. To illustrate the efficacy of this 
allegation, the preferred resin of the present invention, 
Resin A, was reacted under the preferred conditions set 
forth herein to produce a pigment material for compar 
ison in paper handsheets with similarly ?lled TiO2 
sheets. The result of that experiment is disclosed below 
in Table VII. 

TABLE VII 

OPTICAL PROPERTIES COMPARISON 
TiO2 AND UF PIGMENT 
% Filler Optical Properties 

Example in Furnish Opacity Brightness 

Control — 69.7 805 

UP l0 83.6 85.8 
UF 12.5 85.5 86.4 
UF 15 87.5 86.6 
UF 20 88.8 88.0 
Ti02 10 82.4 83.9 
TiO2 12.5 80.9 84.2 
TiO2 15 83.2 84.8 
Ti02 20 88.2 87.8 

Accordingly it may be seen that in each case, at equal 
levels of addition of either the novel pigment described 
herein or TiOz, the handsheet containing the pigment 
of the present invention appears to offer better optical 
performance. This result is deemed to be partly caused 
by the higher single pass retention of the urea formal 
dehyde pigment as compared to TiO2 and further sim 
ply because the urea formaldehyde pigment disclosed is 
more efficient thant TiO2. Moreover, based on the 
performance of the pigment produced by the present 
invention, it is believed that as little as 1 percent by 
weight of the pigment could be an effective amount of 
addition for the sake of demonstrating an improvement 
in the optical properties of the handsheets produced. 

In each of the experiments disclosed, the precipita 
tion process was carried out in batch quantities how 
ever the same reaction could also feasibly be carried 
out in a continuous operation. Of course the foregoing 
experiments clearly demonstrate that a novel and use 
ful pigment for use as a paper ?ller can be prepared 
from some commercially available urea formaldehyde 
resins when the reactions are carried out in certain 
ranges as set forth. 

In determining the scattering coef?cient for the novel 
pigmentary ?ller material of the present invention, the 
opacity of the handsheets containing the ?ller was first 
measured according to Tappi Standard T 425 with a B 
& L opacimeter. Re?ectance of the handsheets was 
then determined at 457 millimicrons by use of an LRL 
integrating sphere re?ectometer. Control handsheets, 
similar in all respects to the ?lled sheets except that 
they contained papermaking pulp only, were also 
tested for opacity. By use of Tappi Data Sheet No. 65, 
which contains a graphical solution of the Kubelka 
Munk equations relating Tappi opacity, bulk re?ec 
tance, and total light scattering power of the handsheet, 
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the latter was determined‘ Total light scattering power 
is de?ned as the product of the scattering coef?cient 
and the basis weight of the handsheet. based on a 3300 
square feet ream. 
To determine the total scattering power for the urea 

formaldehyde pigment in a ?lled handsheet, the scat 
tering coef?cient for pulp, determined from the Con 
trol, was multiplied by the weight of pulp in the ?lled 
sheet, and this value was subtracted from the total 
scattering power of the ?lled sheet to obtain the scat 
tering value for the ?ller portion of the sheet. The 
scattering coef?cient for the ?ller was then determined 
by dividing the total scattering value for the ?ller by the 
basis weight of the ?ller in the handsheet. The scatter 
ing coef?cient for the urea formaldehyde pigment de 
scribed hereinbefore was determined in the above 
described manner. 
Obviously, the precise proportions of materials uti 

lized may be varied, equivalents of said materials may 
be substituted, and various additives may be omitted or 
included as desired, without departing from the spirit 
and scope of the invention as de?ned in the appended 
claims. 
We claim: 
1. Paper comprising cellulose ?bers and an amount 

of a bright, white and opaque precipitated urea formal 
dehyde pigment suf?cient to increase the B&L Opacity 
of a control sheet having an opacity of about 70 with 
out said pigment by about 12 points when the furnish 
for making said paper is provided with about 10 per 
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cent by weight of said pigment, said precipitated urea 
formaldehyde pigment being in the form of ?akes hav 
ing an average particle size of about 0.1 to 0.5 micron 
distributed in an agglomerated structure ranging from 
about 3 to 6 microns in size, and having a scattering 
coef?cient ranging from about 042-052 and pro 
duced in slurry form by: 

a. selecting a urea formaldehyde resin that has been 
reacted at least to its water insoluble stage, said 
resin having a water tolerance of from about 1.5 to 
5.0 and a viscosity of at least about 450 cps. at 50 

percent solids; 
b. precipitating said resin in an aqueous precipitating 
bath containing from about 0.125 to 1.5 percent by 
volume of a strong mineral acid catalyst at a tem 
perature of from about 20°-95° C., under agitation, 
at a resin to water ratio of from about 1/16 to %, by 
adding said resin to the precipitating bath in con 
trolled amounts over a period of time ranging from 
about 15 minutes to one hour to form the precipi 
tated urea formaldehyde pigment in said slurry 
form; and, 

. reacting the mixture of resin and precipitating bath 
for an additional period of time to insure a total 
reaction time of from about 1/2 to 5 hours before 
collecting the precipitated pigment product in said 
slurry form and homogenizing the product to the 
stated particle size. 
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